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INTRODUCTION 

Activities  on  our  dense  cold  gaseous  plasma  program  during  this 
reporting  period  have  centered  around  two  aspects,  the  preparation 
of  gaseous  plasmas  of  higher  electron  densities,  and  the  measurement 
of  electron  concentrations  in  both  the  liquid  and  gaseous  states. 

1 •  purification  AND  LIFETIME 

The  objective  of  this  phase  of  the  program  is  to  enable  us  to  attain 
higher  operating  temperatures  and/or  longer  lifetimes  than  attained 
to  date,  i.e.,  I90°C  for  short  periods  and  52  minutes  at  l45°C, 
respectively,  in  order  to  obtain  more  gaseous  data  on  the  cold  plasma. 
Two  approaches  have  been  taken  in  the  past  reporting  period.  One  is 
a  modification  of  the  ammonia  purification  system  to  improve  the 
purity  of  the  ammonia  as  well  as  to  make  it  easier  to  prepare  the 
sodium-ammonia  solution.  The  latter  is  accomplished  by  splitting  the 
time-consuming  purification  of  ammonia  over  a  period  of  two  days  with 
low  temperature  storage  over  metallic  sodium  overnight. 

A  second  approach  is  being  initiated,  namely,  an  independent  method 
of  determining  the  effects  of  (i)  the  various  purification  procedures 
for  sodium  and  ammonia,  (ii)  the  glass  cleaning  procedures,  (iii)  the 
compositions  of  the  various  glasses,  and  (iv)  the  sea  I -off.  The 
method  chosen,  that  of  I.  'awshawsky,  measures  the  hydrogen  liberated 
at  low  temperatures  by,  e.g.,  traces  of  water  adsorbed  in  the  glass 
surfaces.  The  presently  employed  procedure  of  testing  effectiveness 
of  purification,  etc.,  by  behavior  at  high  temperatures  is  more  time 
consuming;  in  addition,  it  is  more  difficult  to  assign  the  sources  of 
failures  to  particular  causes.  For  this  reason,  we  have  designed  and 
are  sotting  up  a  modification  c*  Wawshawsky's  procedure.  In  this 
system,  we  shall  evaluate,  independently  of  the  present  conductivity 
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technique,  the  effects  of  the  various  procedures,  treatments,  and 
compositions  on  the  stability  of  sodium  ammonia  solutions. 

The  revisions  of  the  method  of  purifying  the  ammonia  during  the  latter 
part  of  the  reporting  period  follows:  The  initial  purification  is  now 
accomplished  by  passing  tank  ammonia  of  99-99  percent  purity  through  a 
U-tubo  containing  activated  charcoal  to  absorb  organic  matter  (e.g., 
hydrocarbons,  aromatics,  and  their  derivatives).  The  airmonia  is  then 
conJensed  over  sodium  in  a  dry  box  and  kept  there  overnight  at  -70°. 
The  purpose  of  the  sodium  is  to  reduce  oxidizing  impurities  (mostly 
water).  Even  at  -70°C,  there  is  always  some  reaction  between  the 
sodium  and  the  ammonia,  a  process  which  liberates  hydrogen.  With 
reasonably  good  ammonia  as  a  starting  point,  a  minimal  amount  of 
hydrogen  will  be  formed.  It  is  possible  that  dangerous  amounts  of 
hydrogen  may  be  built  up  if  impurities  are  present  which  can  catalyze 
the  sodium-ammonia  reaction.  Therefore,  as  a  safety  measure,  we  have 
installed  a  trap  containing  60  grams  of  spongy  palladium  to  absorb  the 
hydrogen  as  it  is  formed.  This  amount  of  palladium  is  sufficient  to 
absorb  the  hydrogen  liberated  from  about  1.0  cm^  of  sodium.  Before  at 
new  batch  of  ammonia  is  purified,  the  palladium  is  heated  to  about 
100°  uneor  vacuum,  and  in  this  manner,  rejuvinated.  To  date,  our 
experience  has  been  that  the  amount  of  hydrogen  build-up  overnight, 
using  the  palladium,  is  negligible. 
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2.  ELECTRICAL  CONDUCTIVITY  MEASUREMENTS 

Conductivity  measurements  have  been  extended  to  the  concentrated 
solutions  in  an  attempt  to  produce  gaseous  plasmas  with  much  higher 
conductivity  than  obtained  previously,  namely,  greater  than  100  mhos/cm. 
In  addition,  studies  of  the  effects  of  pressure  on  electrical  conduc¬ 
tivity  of  liquid  solutions  at  constant  temperature  have  been  initiated. 
Also,  conduct i v i ty-temperature  data  are  now  being  measured  at  constant 
pressure  throughout  most  of  the  liquid  range.  A  theoretical  study  of 
fhc  electrical  conductivity  measuring  technique  has  been  carried  out, 
and  the  behavior  of  the  conductivity  measuring  system  has  b?en  accounted 
for  quantitatively.  The  method  therefore  has  been  reduced  to  an 
absolute  method  of  measuring  resistance  so  that,  in  principle  at  least, 
it  is  no  longer  necessary  to  standardize  by  comparison  with  known 
res i stances. 

Moasurmcnts  of  conductivity  vs  temperature  along  the  vapor  pressure 
curvo  have  been  extended  to  the  more  concentrated  solutions  and  the 
results  are  shown  in  Figure  I.  The  temperature  coefficients  of 
conductivity  of  these  solutions  are  smaller  than  those  of  the  more 
dilute  solutions.  In  all  cases,  there  was  a  peak  at  about  160°C. 

A  possible  explanation  for  the  peak  is  evaporation  of  NH-j  into  the 
volume  of  gas  above  the  liquid  solution,  thi.s  making  the  solution 
more  concentrated.  Either  decomposition  or  decrease  in  volume  of 
the  liquid  due  to  further  evaporation  of  NHt,  thereby  opening  up  the 
toroidal  circuit,  may  account  for  the  final  drop  in  measured  conduc¬ 
tivity.  We  did  not  produce  conduct i ng gases  even  at  1  ?0°C  for  the 
concentrated  solutions.  It  is  for  this  1 eason  that  our  procedures 
are  being  modified  to  get  to  the  higher  temperatures  more  rapidly 
since  wo  would  like  to  produce  gaseous  plasmas  of  the  concentrated 
solutions.  To  do  this,  we  have  modified  not  only  the  purification 
procedure  but  also  the  experimental  conductivity  system  to  reduce 
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operational  difficulties  at  higher  temperatures. 

In  tho  case  of  measurements  of  conduct’^ :*y.  vs  prossuro.at  constant 
temperature,  a  hysteresis  offoct  has  boon  observed  as  shown  in 
Figure  2.  Tho  source  of, this  hysteresis  has  not  yei  l-eu  ,aJ»&w« ;&;>Wu. 

...  is*,.’  .  ■'}.  .  1  -‘V  v  '  .  ..  '  ■».  ‘  yf  ..  tV, 

To  d«. term! no, whether  tho  hystorosis  is  due  to  solubility  of  nitrogen 
in  tho  liquid  sodium  arirtonla  solutions,  wo  have  modified  the  conduc¬ 
tivity  cellipo  increase  the  diffusion  path  length.  In  tho  new 
colls,  tho  pressurizing  gas  will  have  to  diffuse  further  through  liquid 
before  affecting  conductivities.  ? 

In  Figure  3,  thorosult  of  a  conductivity  vs  temperature ’at  constant 
pressure  measurement  is  compared  to  a  similar  moasuromont  at  the 
vopor  pros sure.  Theso  results  appear  to  bo  valid,  but  wo  are  with¬ 
holding  judgment  6n  this  until  wo  learn  more  about  tho  cause  of  the 

..  ■  ■  . 

hysteresis  effect  noted  above.  '>•  "v 

1  .  -  ■  ~  :■  /.tfi  ■  :  ,  ;  ;■ 

3.  HALL  EFFECT  4  *  ! 

,  ,  .  .  ■■■’  \  ts  ■ 

Tho  measurement  of  tho  Hall  Effect  In  sodium  ammonia  solutions  is  of 
importance  in  that  it  offers  us  an  Independent  mothod  of- determining 
electron  densities  and  electron  mobilities.  Attempts  roported  In 
the  1 ftorature  to  moasuro  theso,  using  classical  ;homi cal  techniques, 
hevo  encountered  unresol vod  difficulties.  Thu  Hal  1  measurement,  as 
^  tt**u  setting  it  up,  should  not  only  solve  this  problem  but  also 
onablo  us  ult  imately,  to  O.utond  tho  Hal  I  measurements  throughout  the 
wnolb:  liquid  range  ns  well  ns  into1  the ,  gas. 

A  Hall  measuring  technique  compatible  with  the  stringent  requirements 
Imposed  by  the  chemical  bohovior  of  sodium  ammonia  solutions  has  been' 

designed.  Initially^  a  unit. will  bo  fabricated  that  will  operate  in 

■1  ■■  /  04':'.,  ;  x  ••  .....  ,  . 

a»ri:rothor  than  in  the  OKturnal  pressurization  bomb,  its  rango  of 

usefulness  will  be  from  about  -00  to  420°C.;  Once  tho  operating 
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characteristics  have  boon  woll  established,  tho  dovlco  may  be  ro- 
dosignod  for  measurement  to  high  temperature;  Inside  a  bomb. 

Sirica  the  nc.i  I  cal  l  wVl  1  bo  fabricated  frem’gidss,  tho  perpendicular 
alignment  of  tho  arm*  moasurlng  tho  output  signal  cannot  bo  controlled 
occuratoly  enough  for  usoful  results.  Therefore,  e  "boat"  technique 
will  bo  used  to  separate  tho  Hall  signal  from  tho  misalignment  voltage 

and  other  background.  k  - 

Tho  magnetic  field  giving  riso  to  tho  Hall  effect  will  be  $000  gauss 
in  the  prototypo  system  and  its  frequency  wl 1 1  bo  60  cps.  The  somplo 
voltage  will  be  at  a  frequency  of  U60  cps  so,  that  tho  Hall  signal  will 
occur  at  a  frequency  of  400  cps.  This  signal, .will,  bo  passed  through 
filters  tunod  to  this  frequency  to  romovo. the  60  cps,  460  cps,  and  520 
cps  background  as  well  os  harmonics  gunurated  by  saturation  offoets  in 
the  mognot.  The  filtorod  signal  will  bo  fed  to  o^phoso-sonsUlve 
detector  which  will  provide  further  discrimination  against  unwonted 
signals.  v  £  •  ' ' ' 


■.  T 


4.  DENSITY  MEASURING  SYSTEM 

To  dotormina  thefvarlntlon  in  density  with  tomporaturu  change  of  a 
sample,  an  oven  has  been  fabricated  to  house  the  sample  while  tho  tem¬ 
perature  is  changed  over  a  wide  range.’  The  xhango  in  density  of  tho 
sample  will  rdsult  in'  tho  rise  of  the  level  ;of  the  sample  in  a  tube  of 
known  diameter.  The' height  of  this  rise  Wifi  bo  measured  by  means  of 

a  cetht tome tor.  t  ji  .  v.;;.-;;';?- ,  ,  ■*. 

A  heavy  Support  toblo  hes  been  made  and  on  this  an  oven  has  been  fab¬ 
ricated.  The  oven  Is  separated  from  the  table  by  supporting  legs  and 
the  sample  in  the  oven  l,s  supported  separately  by  invar  rods.;  A  ; 

,  -\t.  ,  .  .  '  -  ‘  ,  '  •  1  -  ■  .'*i:  ,  \ 

xa  the  tempter,  mounted  on  the  table,  is  used  to  measure  the  rise  in 
fluid  level  inside  the  ov^n.  A  f  luoroscont  Slight  is  plecodon  tho  far 
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side  of  the  oven  to  illuminate  the  meniscus.  Throo  layers  of  pyrex 
glass,  coated  with  an  infrared  rof looting  film,  servo  to  reduce  heat 
loss  of  th»  .*iwp!«  whi  le  also  serving  *s  a.bcy  Iwr  should  the  glass 
tube  containing  the  sample  rupture.  As  further  protection,  the 
optical  path  Is  bon t  90°  (0  keep  the  cathotometor  end  the  operator  cut 
of  direct  lino  of  sight.  t 

A  nichromo  heating  wire  (.r jvidos  tho  hoot  to  ralso  the  oven  temporoturo 
while  0  solenoid  controlled  liquid  C0„  Injection  system  provides  cooling. 

,\  fan  circulates  tho  surrounding  gas  whllo  It  Is  being  huatod  or  cooled 
end  baffles  servo  to  provide  more  uniform  flow  across  tho  sample. 

•  *  •  .  .•  -  .  .  .  -  J 

Although  tho  COj,  cooling  System  roquires  on  on-off  controller,  the 

hob  ting  element  can  bo  proportional ly  controlled  for  accurato  tomporoturo 

contr, 1 . 

In  addition  to  density  measurement,  a  conductivity  head  Is  also  provided 
so  that  simultaneous  conduct ivi ty-djns i ty-tomporature  moasuromonts  can 
bo  mode.  ' '  ■' 

-  *.  .  *V.  ^ 

This  unit  is  currently  being  tested  to  dotormino  hooting  and  cooling 
rates.  An  additional  C02  s-lcneid  volvo  Is  being  added  to  provide  both 
high  and  low  cooling  rates.  In  addition,  a  second  heating  coll  Is  being 
added  and  tho  system  is  ooing  connected  to ;0  source  220  VAC  to  provide* 


a  mere  rapid  heating  rate. 

The  present  heating  and  cool I rig  rates  give;a  50  C  rise  or  drop  from  room 
temperature  in  the  first  twu  minutes.  Jhq; lowest  temperature  attainable 
"with  thu  COg,  “6b°C,  is  reached  In  about  ^minutes  which  is  over  10°C 
■  per  minute.  In  9  ml nutos  of .boot I ng,  the  temperature  can  be  ra I sod  .from 


roim  tonieroture  to  150°C  while  200°C  takes  about  27  minutos.? 


The 


additional  heating  coils  will  Improve  this  heating  rote  considerably, 
-hen  ho  at  In  g  from " -64® C,  %  rate  uf  90°C  for  the  first  two  minutes  can 
be  .-.ttained.  This  is  tab' some  rate  that  con  be  obtained  when  cooling 
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PLANS  FOR  THE  NEXT  QUARTER 

Evaluation  of  the  effects  produced  by  the  various  surface  trootmonts 
and  Qiaos  compositions  will  bo  initiated,  using  WorshnWsky'  si  technique. 
Dosed  . jn  those  results  and  the  use  of  a  variety  of  initial  fractional 
fillings  of  tho  conductivity  cells,  further  attempts  wi I (be  made  to 
measure  the  electrical  conductivities  of  the  moro  concentrated  gases. 

^ ‘  *■  ’  r  ..  *  ;  •  . 

Doforo  proceeding  with  ti»o  main  sot  of  moosuromonts  .f  tho  pressure 

effects,  thb  sources  of. tho  hysteresis  mentioned  earlier  will  be 
studiod.  When  the  hysteresis  is  e i thor , removed  or  better  understood, 
the  effects  of  pressure  ->n  Conductivity  at  constant  temperature  will 
bo  studied.  In  addition,  tho  conductivity  wi 1 1  bo  measured  as  a 
function  of  temperature  at  constant  pressure. 


Thu  density  measuring  system  will  bo  usdd  Initially  from  -80  to  +20  C 
with  samples  designed  for  use  inside  the  bomb.  The  electrical  conduc¬ 
tivity  will  bo  measured  c-ncurrcnt ly.  A  special  sot  of  samples  will 
be  prepared  for  measuring  density  as  0. function  of  temperature  along 

.  f  ■ 

tho  vapor  prossuro  curve  to  elevated  temperatures.  In  addition,  our 
preliminary  theory  of  the  temperature  coefficient  of  density  will  bo 
compared  with  tho  expurimontal  data. 


It  is  planned  to  comp loto  the  fnbr ient Ion  of  the  Hall  effect  system 
in  m.Is  period.  This  system  is  designed  for  operation  from-00  to 
+2Q“C.  Tho  high  tOmporoturo  Hall  effect  system  will  bo  built  at  a 
later  date.  i 
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